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BIFURCATED STENT SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

This invention relates generally to self-expanding stent assemblies for use at and 
around a bifurcation of bifurcated blood vessels, and more particularly concerns a segmented 
bifurcated stent assembly for repairing lesions at and around the bifurcation of the bifurcated 
blood vessels. 

5 

Description of Related Art : 

Stents are typically implanted within a vessel in a contracted state and expanded when 
in place in the vessel in order to maintain patency of the vessel to allow fluid flow through the 
vessel. Implantation of such stents is commonly accomplished by mounting the stent on the 

1 0 balloon portion of a catheter, positioning the stent in a body lumen, and expanding the stent 
to an expanded state by inflation of a balloon within the stent The stent can then be left in 
place by deflating the balloon and removing the catheter. An alternate approach is to utilize 
a self-expanding stent that is introduced in a collapsed state, so that when properly positioned, 
a retaining sheath can be withdrawn, and the stent can be allowed to expand into position. 

15 A bifurcated stenosis typically can occur in the carotid or coronary arteries at the carina 

between adjoining arterial branches and around the ostia of the adjoining arterial branches. 
Employment of a stent for repair of vessels that are diseased at a bifurcation requires that the 
stent must, without compromising blood flow, overlay at least a portion of the circumference 
of the ostium to a diseased portion and extend to a point within and beyond the diseased 

20 portion. Particularly at abifurcation, lesions may form along the side walls of the blood vessel 
and at the carina of the bifurcation, not only contributing to stenosis of a main branch and side 
branch of the bifurcation, but also interfering with the normal blood flow at the bifurcation, 
to create eddy currents that can contribute to formation of thrombosis. 

Conventional stents are designed to repair areas ofblood vessels that are removed from 

25 bifurcations and, since a conventional stent generally terminates at right angles to its 
longitudinal axis, the use of conventional stents in the region of a vessel bifurcation may result 
in blocking blood flow of a side branch. For example, such a conventional stent might be 
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placed so that a portion of the stent extends into the pathway of blood flow to a side branch 
of the bifurcation or extend so far as to completely cover the path of blood flow in a side 
branch. The conventional stent might alternatively be placed proximal to, but not entirely 
overlaying the circumference of the ostium to the diseased portion. However, such a 
5 positioning of a conventional stent will result in a bifurcation that is not completely repaired. 

The delivery of bifurcated stents at a treatment site of a bifurcated blood vessel has 
heretoforepresentednum^ 

thebifurcation across a sidebranch, and the structure of main vessel stentmustbe spread apart 
sufficiently to form an openingto the side branch vessel for a catheter with a stent for the side 

10 branch to be delivered through me opening. The portion of the structure of the main vessel 
stent to be spread apart is typically selected by trial and error by crossing and recusing the 
structure of the main vessel stent with a wire. In addition, the aperture created through the 
main vessel stent may not provide a clear opening and can create a major distortion in the 
surrounding structure of the stent. 

15 franofcersiimlarc^ 

vessel is first stented so that the stent protrudes into the main vessel. A dilatation is then 
performed in the main vessel to open and stretch the stent struts extending across the lumen 
frcmmeside^rauchve^ 

end overlaps with the side-branch vessel. However, the structure of the deployed stent must 
20 be recrossed with a wire by trial and error. 

In another prior art procedure, known as "kissing" stents, a stent is implanted in the 
mamvesselwimaside-branchstentpartiaflyextendmgm^ 

barreled lumenofthe two stents in the main vessel. Another prior art approach includes a so- 
called "trouser legs and seat" approach, which includes implanting three stents, one stent in 

25 the side-branch vessel, a second stent in a distal portion of the main vessel, and a third stent, 
or a proximal stent, in the main vessel just proximal to the bifurcation. 

Theprior art stents for treating bifurcations are also difficult to use, making successful 
placement nearly impossible. Further, even where placement of stents at a bifurcation has 
been successful, it is difficult to precisely control the spacing between multiple stents at or 

30 around the bifurcation of bifurcated blood vessels to allow for proper blood flow at the 
bifurcation. In addition to the above mentioned problems, the two branches of a bifurcation 
often differsignifi^ 
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should automatically expand to the desired vessel caliber. A need therefore continues to exist 
for an expandable stent that can expand to the desired diameters of the trunk or main vessel 
portion and side branch portion of a bifurcated blood vessel, and that can also preserve a more 
natural blood flow at the bifurcation, without blocking flow to an unstented side branch of the 
5 bifurcation of the blood vessel to be treated. The present invention solves these and other 
problems, as will be shown. 

SUMMARY OF THE INVENTION 
Briefly, and in general terms, the present invention provides for a self-expanding stent 

1 0 assembly formed of discrete stent sections expandable to different diameters to accommodate 
a trunk or main vessel portion and one or more side branch portions of a bifurcated blood 
vessel. The discrete stent sections are spaced apart by a gap allowing blood flow between the 
sections from the trunk or main vessel portion to the side branch portions of the bifurcated 
blood vessel, and are connected together by one or more longitudinal spines. The stent 

1 5 assembly is adapted to be placed within bifurcated blood vessels at the point of bifurcation, 
with a larger section adapted to be disposed within the main body or trunk or main vessel 
portion of the bifurcation, and one or more smaller sections adapted to be disposed within one 
or more of the branches of the bifurcated blood vessel. 

The stent assembly can be placed with a delivery system into and across a bifurcation, 

20 and can be oriented so that when the stent is deployed, the stent assembly will have the larger 
diameter stent section within the larger main body of the vessel, a smaller diameter stent 
section within the desired side branch, and the gap between the sections being positioned at 
the ostium of the opposing side branch vessel. 

The invention accordingly provides for a self-expanding stent assembly to be 

25 implanted in a bifurcated vessel having a main vessel and one or more side-branch vessels 
connected to the main vessel adjacent to a bifurcation between the main vessel and the side 
branch vessels. In one presently preferred embodiment, the stent assembly includes a first 
expandable stent member adapted to be disposed and deployed in the main vessel, a second 
expandable stent member adapted to be disposed and deployed in one of the side branch 

30 vessels, and at least one longitudinal spine member connecting the first expandable stent 
member and the second expandable stent member together at one side of the first and second 
stent members. In a presently preferred aspect, the first and second stent members are 



nu vi/ /4x/^ 

•4- 

ve^offtehi^Uoodvease,. ^n*^^***"** 

^ than the fiist diameter in an expanded conn^on, and fte •«- ~£ 
JLd diameter in the expanded eonfigumnon i. smalie, .ban ft. *— - •» 

expandadconfiguiationofthafiratslantmembar. 

of example the features of the invention. 

^TPP pT3gn?TPTTON OF THE tm A WINGS 

Rgurelisapersperfi^^^ 
according to the present invention; 

Fig. 2 is a pian view of the setf-expanding *n« aaaemb,y of Fig. 1 dep.oyrf and 

disposed in a bi&rcated vessel; 

Fig. 3 is a cross-sectional view taken along line 3-3 of Fig. 1; 
,0 Fig. 4 is a cross-sectional view taken along line 4-4 of Fig. 2; 

Fig.5isperspec*vevi^ 
according to the present invention; 
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Fig. 6 is a plan view of the self-expanding stent assembly of Fig. 5 deployed and 
disposed in a bifurcated vessel; 

Fig. 7 is a cross-sectional view taken along line 7-7 of Fig. 5; 

Fig. 8 is a cross-sectional view taken along line 8-8 of Fig. 6; 
5 Fig. 9 is a plan view of a variation of the self-expanding stent assembly of Fig. 1 

deployed and disposed in a bifurcated vessel; and 

Fig. 10 is a plan view of a variation of the self-expanding stent assembly of Fig. 5 
deployed and disposed in a bifurcated vessel. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While a number of approaches to stenting of a bifurcated vessel have been proposed, 
it has commonly been difficult to place stents at a bifurcation and precisely control the spacing 
between multiple stents at or around the bifurcation of bifurcated blood vessels to allow for 
proper blood flow at the bifurcation. Since the branches of a bifurcation often differ 

1 5 significantly in diameter, an expandable stent that can expand to the desired diameters of the 
main vessel portion and side branch portions of a bifurcated blood vessel, and that can 
preserve a more natural blood flow at the bifurcation is needed. 

As is illustrated in the drawings, the invention is accordingly embodied in a self- 
expanding stent assembly 20 adapted to be implanted in a bifurcated vessel 22, such as a blood 

20 vessel having a trunk or main vessel portion 24, a first side-branch vessel 26, and a second 
side-branch vessel 28 connected to the main vessel adjacent to a bifurcation 30 between the 
main vessel and the sidebranch vessel. In a first preferred embodiment illustrated in Figs. 1-4, 
the self-expanding stent assembly preferably includes a first expandable cylindrical stent 
member 32 having a longitudinal axis 34, a distal end 36, and a proximal end 38, and the first 

25 expandable cylindrical stent member is preferably adapted to be disposed and deployed in the 
main vessel. The self-expanding stent assembly also preferably includes a second expandable 
cylindrical stent member 42 having a longitudinal axis 44, a distal end 46 and a proximal end 
48, and the second expandable cylindrical stent member is adapted to be disposed and 
deployed in one of the side branch vessels. In order to allow the stent assembly to be 

30 introduced through abody lumen such as the vasculature, the first and second cylindrical stent 
members have a first, smaller diameter in an unexpanded configuration, and a second, larger 
diameter in an expanded configuration. In a presently preferred embodiment, the second 
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second diameter to to expanded configuration of to first cylindrical stent member. 

At least one longitudinal spine member 50 preferably connects to first expandable 

5 ddesaoftheffatandsecondcyltodricalstentmembers. Forproperafignmentofthefirstand 

members are preferably combed by a plurality of longitudinal spines. The second 
cylindrical stent member is preferaMy adapted to be disposed and deployed to to first srde 
branch vessel, with to firat and second cylindrical stent members spaced apart by a gap 53. 
,0 lie gap is preferably positioned at to ostium 54 of to second side branch vessel, to allow 
bloodflowbetweentofirstandsacondcylto^^ 

S ide branch vessels of the bifineated blood vessel. The firat and second cyHndncal stent 
membemarepreferablynotconnectedtogemerbylongimdinmspmesattoo 

of to firat cyltadrica. stent member, to allow to longitudinal spines connecting to stent 
15 ^beratogemermsideSltoflexsotottostemmemberscanmovetohaveanappropnate 

angular relationship to each other to fit to main and side branch vessels when to stent 
members are disposed and deployed within to bifurcated blood vessel. 

toapresenaypreferredtaplemertation,to 
„ consulted of cylindrical, ohountfertmfiaay extending shut members 58 connected 
20 togethervrimlongitodtoalconnectorm^ 

ttom adjacent circumferential strut members a predetermined, deaiied distance. The 
cylindrical, ctoumferentiaUy extending stnrt membera typically have an undulatmg or 

mayalaobesmtAle.Aawfflbefi^erexplatoedbelow.tofirat^dsecondcynnta^ 
25 m^beraa* preferably fenced a s^-expandu^ 

oyUndrical stent members expand ftom a first unexpanded coufigtnation having a smaller 
diameter for delivery through a body lumen to a second expanded configuration havmg a 
larger diameter for implantation in to biftacated blood vessel. 

to a second pretend embodiment illustrated in Figs. 5-8, a self-expanding stent 
30 ^bly70isadapted to bein*lantedtoabifir^^ 

74 a firat side-branch vesael 76, and a second side-branch vessel 78 connected to to mam 
vessel adjacenttoabifiircauon 80 between to main vessel and to side bran* vessel. The 
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self-expanding stent assembly includes an expandable channel or U-shaped stent member 82 
having a split tubular shape with a semi-circular transverse cross-section, having a longitudinal 
axis 84, a distal end 86, a proximal end 88, and the expandable channel-shaped stent member 
is preferably adapted to be disposed and deployed in the main vessel. The self-expanding stent 

5 assembly also includes an expandable cylindrical stent member 92 having a longitudinal axis 
94, a distal end 96 and a proximal end 98, and the expandable cylindrical stent member is 
adapted to be disposed and deployed in one of the side branch vessels. The expandable 
channel-shaped stent member has a first diameter in an unexpanded configuration for delivery 
in a body lumen, and a second diameter larger than the first diameter in an expanded 

10 configuration, and the cylindrical stent member has a first diameter for delivery in a body 
lumen in an unexpanded configuration, and a second diameter larger than the first diameter 
in an expanded configuration. The cylindrical stent member second diameter in the expanded 
configuration is preferably smaller than the second diameter in the expanded configuration of 
the first channel-shaped stent member. 

15 At least one longitudinal spine member 100 connecting the first expandable stent 

member and the expandable cylindrical stent member together at one side 102 of the split 
tubular stent and cylindrical stent members. Preferably a plurality of longitudinal spines are 
provided. The second cylindrical stent member is preferably adapted to be disposed and 
deployed in the first side branch vessel, with the split tubular stent and cylindrical stent 

20 members being spaced apart by a gap 103. The gap is preferably positioned at the ostium 1 04 
of the second side branch vessel, to allow blood flow between the split tubular stent and 
cylindrical stent members from the main vessel to the side branch vessels of the bifurcated 
blood vessel. The split tubular stent and cylindrical stent members are preferably not 
connected together by longitudinal spines at the opposing side 106 of the split tubular stent 

25 and cylindrical stent members, to allow the longitudinal spines connecting the stent members 
together at side 1 02 to flex so that the stent members can move to have an appropriate angular 
relationship to each other to fit the main and side branch vessels when the stent members are 
disposed and deployed within the bifurcated blood vessel. 

The split tubular stent and cylindrical stent members in the foregoing embodiments are 

30 currently preferably constructed of cylindrical, circumferentially extending strut members 108 
connected together with longitudinal connector members 1 10 that space the circumferential 
strut members from adjacent circumferential strut members a predetermined distance. The 
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qWU. circumferennally extending shut members typically have an endulahng or 

stent member, are toed from . ^-expanding mafcrisl so that the spttt IM. stent and 

As is ilfustrated in Fig. 9, in a presently preferred variant of the embodiment of ftp. 
1-4 and in which like elements are identified by like reference numoals, a third cyhndncal 

sod is adapted to be disposed and deployed in a second side branch vessel. The thud 
IS p rc fe ra b 1 yspacedapsr.by,ga P 53adapt=d«obeposi ti oneda,meostinm54of ai enmts,de 

opposing side 116 of ttre thud cyhndncal stent member, to allow the longitudinal spmes 
20 connectingfi.esten.membemtogeU^a.sidelUtoflexsntha.dresto.memberscanmove 

wtodrestentmembers are disposed snddepjoyedwidrindte bifurcated blood vesseL 

Referring to Fig. 10, in a presently prefened variant of the embodiment of Figs. 5-8, 
«,e seeding stent assembly 120 is adapted to be implanted in a bifurcated vessnl 122 
25 having. main vessel portion 124, a first side-branch vessel 126, and a second side-branch 

a»d the side branch vessel. The self-expanding stent assembly includes a first expands 
^iSg.asrddaeexp^lecylindricalstaa.ma^isadaptedtobedisposedand deployed 
30 inmemambranchvessel. The setf-expanding stent assembly also includes an expandable 

a distal end 1 46, am. a proximal end 148. The expandable channel-shaped stent member rs 
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preferably adapted to be disposed and deployed in one of the side branch vessels. The self- 
expanding stent assembly also includes a second expandable cylindrical stent member 152 
having a longitudinal axis 154, a distal end 156 and a proximal end 158, and the expandable 
cylindrical stent member is adapted to be disposed and deployed in the other side branch 
5 vessel. 

At least one longitudinal spine member 1 60 connects the first expandable cylindrical 
stent member and the expandable channel-shaped stent member together at one side 162 of the 
channel-shaped stent and cylindrical stent members, and at least one longitudinal spine 
member connects the first expandable cylindrical stent member and the second expandable 

1 0 cylindrical stent members together at the opposing side 1 64 of the first expandable cylindrical 
stent member and the second expandable cylindrical stent members. The first expandable 
cylindrical stent member and the expandable channel-shaped stent member, as well as the first 
and second cylindrical stent members, are also preferably spaced apart by a gap 166 adapted 
to be positioned at the ostia of the side branch vessels, to allow blood flow from the main 

15 vessel to the side branch vessels of the bifurcated blood vessel. The first expandable 
cylindrical stent member and the expandable channel-shaped stent member are preferably not 
connected together by longitudinal spines at the opposing side of the expandable channel- 
shaped stent member, and the first and second cylindrical stent members are preferably not 
connected together by longitudinal spines at the opposing side of the second cylindrical stent 

20 member, to allow the longitudinal spines connecting the stent members together to flex to 
allow the stent assembly to fit the main and side branch vessels. 

In each of the foregoing embodiments and variants of the embodiment, the bifurcated 
stent assembly is self-expanding, being formed from a shape memory material, such as a 
nickel-titanium alloy having shape memory properties. The self-expanding bifurcated stent 

25 will remain passive in its martensitic state when its temperature remains below the transition 
temperature of the shape memory alloy. In this case, the transition temperature is typically 
below normalbody temperature, or about 98.6°F, and in apreferred embodiment the transition 
temperature at which the self-expanding stent expands from the unexpanded configuration to 
the expanded configuration is approximately room temperature. Thus, when the shapememory 

30 material of the self-expanding bifurcated stent is exposed to normal body temperature upon 
insertion into a guiding catheter, the self-expanding bifurcated stent will transition to its 
austenitic state, and if not constrained by a retaining sheath, can expand radially outwardly to 
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assume apefonned, desired expanded stale. Other shape-memory materials snch as stress- 
jmtaced martenshe (SIM) alloys, which transform into tnartensite open the appboatron of 
sttess such aa a eompressive load, and return to their austemtic, preformed state when the 
streaaiaremovedrnayalaobeamtablefbrfonningtheaelf-eKpandh^ 

5 preS emlypreferredemb<,diment,fe^^ 

fame* by laser cutting of appropriately dimensioned tubes of niekel titanium alloy that are 

and eylindrieal stent members together ean be famed torn any of a number of materials 
toctadh,g,butnot limited to, ^eassteolaltoya.mekel-dtamumanoys, tantalum, tm^ 
10 or the like, and ean be connected to the split tubular stent and cylindrical stent member by 

welding, soldering, adhesive, or the like. 

ItwfflbeapparemitoteforegomgthatwMe^^ 

beeauhabatedanddcscnT^varionsm 
spMtandscop^ofmemvention. Accor^^ 

1 5 except as by the appended claims. 
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WHAT IS CLAIMED IS : 



1 . A self-expanding stent assembly for implanting in abifurcated vessel having a main 
vessel and a side-branch vessel connected to the main vessel adjacent a bifurcation between 
the main vessel and the side branch vessel, comprising: 

a first expandable stent member having a longitudinal axis, a distal end and a proximal 
5 aid, said first expandable stent member being adapted to be disposed and deployed in the main 
vessel; 

a second expandable stent member having a longitudinal axis, a distal end and a 
proximal end, and said expandable second stent member being adapted to be disposed and 
deployed in the side branch vessel; and 
10 at least one longitudinal spine member connecting said first expandable stent member 

and said expandable second stent member together at one side of said first and second stent 
members. 

2. The self-expanding stent assembly of Claim 1 , wherein said first stent member has 
an unexpanded configuration for delivery in a body lumen, and an expanded configuration; 
said second stent member has an unexpanded configuration, and an expanded configuration; 
and said second stent member expanded configuration is smaller than said expanded 

5 configuration of said first stent member. 

3. The self-expanding stent assembly of Claim 1, wherein said first and second stent 
members are unconnected at the opposing side of said second stent member. 

4. The self-expanding stent assembly of Claim 1 , wherein said bifurcated blood vessel 
has first and second side branch vessels, and said second stent member is adapted to be 
disposed and deployed in said first side branch vessel, said first and second stent members 
being spaced apart by a gap allowing blood flow between said first and second stent members 

5 from the main vessel to the side branch vessels of the bifurcated blood vessel, said gap being 
adapted to be positioned at the ostium of said second side branch vessel. 

5. The self-expanding stent assembly of Claim 1, wherein said first and second stent 
members are formed from a self-expanding material so that said first and second stent 
members expand from a first smaller diameter for delivery through a body lumen to a second 
expanded diameter for implantation in said bifurcated blood vessel. 



1 second oytodnca! M — - expanded -—*-*■«*- 
U Ho self-expandtag stent aasenibly of Clatm 9, whereat sai 



m ' , lv rtf naim 9 wherein said bifurcated blood 

12 The self-expanding stent assembly of Claim y, wneiew 

^ .o be disposed and depioyed in said first side branch vessel sard firs, and se 
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cylindrical stent members being spaced apart by a gap allowing blood flow between said first 
and second cylindrical stent members from the main vessel to the side branch vessels of the 
bifurcated blood vessel, said gap being adapted to be positioned at the ostium of said second 
side branch vessel. 

13. The self-expanding stent assembly of Claim 9, wherein said first and second 
cylindrical stent members are formed from a self-expanding material so that said first and 
second cylindrical stent members expand from a first smaller diameter for delivery through 
a body lumen to a second expanded diameter for implantation in said bifurcated blood vesseL 

14. A self-expanding stent assembly for implanting in a bifurcated vessel having a 
main vessel and a side-branch vessel connected to the main vessel adjacent a bifurcation 
between the main vessel and the side branch vessel, comprising: 

an expandable split tubular stent member having a longitudinal axis, a distal end and 
5 a proximal end; 

an expandable cylindrical stent member having a longitudinal axis, a distal end and a 
proximal end; and 

at least one longitudinal spine member connecting said expandable split tubular stent 
member and said expandable cylindrical stent member together at one side of said expandable 
1 0 split tubular stent member and said expandable cylindrical stent member. 

15. The self-expanding stent assembly of Claim 14, wherein said expandable split 
tubular stent member is adapted to be disposed and deployed in the main vessel, and said 
expandable cylindrical stent member is adapted to be disposed and deployed in the side branch 
vessel. 

16. The self-expanding stent assembly of Claim 15, wherein said expandable split 
tubular stent member has an unexpanded configuration for delivery in a body lumen, and an 
expanded configuration; said expandable cylindrical stent member has an unexpanded 
configuration for delivery in a body lumen and an expanded configuration; and said 

5 expandable cylindrical stent member expanded configuration is smaller than the expanded 
configuration of said expandable split tubular stent member. 

17. The self-expanding stent assembly of Claim 14, wherein said expandable 
cylindrical stent member is adapted to be disposed and deployed in the main vessel, and said 
expandable split tubular stent member is adapted to be disposed and deployed in the side 
branch vessel. 
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18. The self-expanding stent assembly of Claim 17, wherein said expandable 
cylindrical stent member has annnexpanded configuration for delivery in a body lumen, and 
anexpa*!ed«mfi^ 

configuration for delivery in a body lumen and an expanded configuration; and said 
expandable split tubular stent member expanded configuration is smaller than said expanded 
configuration of said expandable cylindrical stent member. 

19. The self-expanding stent assembly of Claim 14, wherein said bifurcated blood 
vessel has first and second side branch vessels, said cylindrical stent member is adapted to be 
disposed and deployed in said first side branch vessel, and said expandable split tubular stent 
member and said expandable cylindrical stent member are spaced apart by a gap allowing 
blood flow between said expandable split tubular stent member and said expandable 
cylindrical stent member from the main vessel to the side branch vessels of the bifurcated 

blood vessel, ^ m y^w^^V^^^^^^^^ 

20. The self-expanding stent assembly of Claim 14, wherein said expandable spht 
tubular stent member and said expandable cylindrical stent member are formed from a self- 
expanding material. 
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